Introduction
Increasing attention has been focused on the function and significance of mRNA in sperm in light of the role it serves in sperm development and maintenance (1, 2) . Thus, mRNAs that aid in detection of sperm abnormalities are potential biomarkers to evaluate the quality of sperm in the diagnosis and treatment of male infertility (3) (4) (5) .
Teratozoospermia is a condition characterized by a large number of spermatozoa with abnormal morphology and is considered to be a factor that may result in male infertility (6) . There are two manifestations of teratozoospermia: Monomorphic morphological defects and flagellum morphological defects (6, 7) . Previous studies have demonstrated that abnormal expression of mRNA is a primary cause of abnormal sperm morphology (6) (7) (8) (9) . Kang-Decker et al (8) reported that male mice with ArfGAP with FG repeats 1 depletion were infertile due to a lack of acrosome formation. Casein kinase 2 α 2 knock-out male mice were also infertile due to abnormal morphology of the spermatid nucleus (9) . Sptrx-2, expressed exclusively in human testis, was reported to be associated with flagellar anomalies (10) . Allegrucci et al (11) also reported specific epigenetic signatures of flagellar anomalies. However, the specific mechanism underlying male infertility remains to be elucidated, as it is a complex process involving a large number of genes (12) .
The rapid development of high-throughput technologies, including microarrays and RNA-sequencing has resulted in successful profiling of RNA expression, which enhances understanding of various diseases and helps further exploration of their underlying molecular mechanisms (13) . HM et al (14) detected the gene expression of crossbred cattle sperm by microarray assessment and identified 305 genes that were significantly and differentially expressed. Hu et al (15) profiled long non-coding (lnc)RNA expression in male mice germ cells and revealed that a variety of lncRNAs may regulate male reproduction by serving as competing-endogenous RNAs to modulate the function of germ cells.
Exome sequencing analysis of two brothers with azoospermia demonstrated that the deficiency of homozygous serine peptidase inhibitor, Kazal type 2 is a factor in the development of azoospermia (16) . However, to the best of our knowledge, there are limited studies that have systematically analyzed the gene expression profiles in patients with teratozoospermia using integration bioinformatics analysis. The present study obtained a gene expression dataset for teratozoospermia from the Gene Expression Omnibus (4) and performed systemic bioinformatics analysis, including identification of differentially expression genes (DEGs), functional enrichment analysis, co-expression network analysis and identified several significantly and differentially expressed biomarkers for teratozoospermia. The results of the present study may be beneficial in understanding the mechanism underlying teratozoospermia.
Materials and methods
Microarray data. The microarray dataset GSE6872 was downloaded from the GEO website (ncbi.nlm.nih.gov/gds/) which was based on the GPL570 platform. This dataset was submitted by Platts et al (17) 
Results

Analysis of DEGs.
The expression profile data were pre-processed and then analyzed with the Affy package in R language. The whole gene expression was screened. Box plots following data standardization are presented in Fig. 1A and B. Median values in Fig. 1 are similar, which suggests a good degree of standardization. All RNA expression levels are presented in Fig. 2A . Hierarchical cluster analysis indicated that the 8 samples from patients with teratozoospermia and the 13 normal samples exhibited differing distributions. The results revealed that grouping was reasonable, and the data successfully underwent further analysis. Microarray data from the normal semen samples were compared with those from the teratozoospermia semen samples and a total of 2,392 DEGs were identified. There were 450 upregulated genes and 1,942 downregulated genes (Fig. 2B) Table I ). The protein produced from the most downregulated gene, ZPBP, is usually located in the acrosome of spermatozoa (22) . Abnormal morphogenesis is a major performance if patient lace of ZPBP expression (22) .
Functional and pathway enrichment analysis. A total of 450 upregulated and 1,942 downregulated genes were uploaded to DAVID and GO analysis was conducted, with P≤0.05 used to determine statistical significance. The top 10 GO terms enriched by up and downregulated genes are presented in Table II . The upregulated genes were primarily enriched in 'nervous system development', 'developmental processes', 'anatomical structural development', 'synapse', 'regulation of developmental processes', 'regulation of multicellular organismal development', 'synaptic membranes', 'positive regulation of developmental processes', 'regulation of multicellular organismal process' and 'postsynaptic membranes'. The top downregulated genes were primarily associated with 'protein targeting to the endoplasmic reticulum', 'membrane-enclosed lumen', 'nuclear part', 'SRP-dependent co-translational protein targeting to the membrane', 'translational initiation', 'RNA binding', 'cytoplasm', 'macromolecular complex', 'intracellular organelle part' and 'organelle part'. The KEGG (http://www.genome. jp/kegg/) pathways of up and downregulated genes are presented in Table III . The upregulated genes were primarily enriched in 'neuroactive ligand-receptor interaction', 'retrograde endocannabinoid signaling', 'morphine addiction', 'GABAergic synapses', 'nicotine addiction', 'Rap1 signaling', 'Ras signaling', 'PI3K-Akt signaling', and 'glutamatergic and cholinergic synapses'. Down-regulated genes were associated with 'ribosomes', 'Huntington's disease', 'oxidative phosphorylation', 'Parkinson's and Alzheimer's diseases', 'proteasomes', 'non-alcoholic fatty liver disease', 'metabolic pathways', 'protein processing in the endoplasmic reticulum' and 'RNA transport'.
PPI network construction and module analysis. In order to extract PPI data, the present study uploaded 450 upregulated genes and 1,942 downregulated genes to the STRING website. Subsequently, the samples with PPI data >0.4 were selected to assemble PPI networks. The PPI networks of upregulated genes are displayed in Fig. 3A . The upregulated network was constructed with 134 nodes and 199 edges. The G protein subunit β 3 (GNB3; degree=20), G protein subunit α o1 (GNAO1; degree=16) and G protein subunit γ transducin 1 (GNGT1; degree=15), were hub nodes in this network, which had almost twice the degree compared with other nodes in the network. The downregulated PPI network was subsequently constructed. The most significant modules were selected, with 160 nodes and 1,024 edges, as presented in Fig. 3B . Ribosomal protein S3 (RPS3; degree=32), RPS5 (degree=30), RPS16 (degree=29), RPS6 (degree=25) and RPS23 (degree=24) were hub nodes in this network.
Discussion
Over the last decade, the molecular mechanism underlying teratozoospermia has been of great research interest, with studies conducted in animal, human and cell models (6, 7) . With the development of high-throughput technology, an increased number of genes/proteins have been demonstrated to be associated with male infertility (23, 24) . However, a comprehensive understanding of how the biological processes at the molecular level are associated with the pathogenesis of teratozoospermia remains to be elucidated. Therefore, it is necessary to elucidate the latent pathogenesis of teratozoospermia at the systems biology level. The present study identified the disease module associated with teratozoospermia, systematically investigated the interaction 
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of module genes through pathway and network analyses and PPI data, and constructed a comprehensive and systematic framework to trace relevant genes. There are several upregulated module genes that were observed to be involved in the pathogenesis of teratozoospermia, including GNB3, GNAO1 and GNGT1, all of them belong to the G proteins family, also known as guanine nucleotide-binding proteins. It has been reported that G proteins are present in human spermatozoa, transmit various stimulation signals from outside the cell to its interior and are associated with propagation (25) (26) (27) . The aforementioned studies indicate that G proteins serve a role in the maintenance of fertilization capacity in human and mouse sperm (28) . The aforementioned three G protein genes have not yet been associated with teratozoospermia; however, other members of the same class have been demonstrated to be necessary during spermatogenesis. Decreased expression of G protein subunit α i2 (G αi2 ) was detected in low-motility spermatozoa with midpieces that were bent on themselves (29) . Similarly, the activation of G αi2 may affect the volume of ejaculated spermatozoa (11) . Defective expression of GNA13 was observed in macrocephalic and global nucleus spermatozoa (30) . The axonemal-associated localization within the midpiece and principal piece of various mammalian mature spermatozoa indicates that the G protein α-subunit gustducin likely affects sperm motility via intracellular signal transduction (31) .
A comparative study of epigenetic research between fertile and infertile boars indicated significantly increased DNA methylation levels in the GNAS complex locus of infertile boars (32) . These data suggest that G proteins may be downregulated in abnormal spermatogenesis. However, the results of the present study suggested that one of the G protein clusters that have never been proposed to have a function during spermatogenesis was enriched. GNB3, GNAO1 and GNGT1 are upregulated in sperm of patients with teratozoospermia, which may indicate a more comprehensive function of the G protein during spermatogenesis.
In addition, various ribosomal genes, including RPS3, RPS5, RPS6, RPS16 and RPS23, were observed to be downregulated in abnormal sperm, in the present study. Prior to the present study, RPS3 had not been reported to be associated with spermatogenesis. A previous study suggested that RPS6 may regulate the viability of sertoli cells in blood-testis barrier FDR, false discovery rate; ER, endoplasmic reticulum; SRP, signal recognition particle. KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR, false discovery rate; GABA, γ-aminobutyric acid.
dynamics in rats (33) . Furthermore, it has also been reported that RPS6 levels are downregulated via the serine/threonine-protein kinase mTOR signaling pathway in rats with sperm defects (34) . The function of the RPS23 gene, which is reported to be expressed in bovine sperm, remains to be fully elucidated (35) . A previous study demonstrated that the downregulation of RPS16 and RPS5 in infertile patients is purportedly associated with asthenozoospermia (36) . The consistency between previous studies and the results of the present study suggest that the methods used in the present study were effective in the study of teratozoospermia.
In conclusion, the present study used a systems biology framework for a comprehensive and systematic biological function-and network-based analysis of teratozoospermia. By integrating the information from GO, KEGG pathway and pathway crosstalk, it was revealed that three upregulated genes and five downregulated genes are enriched in the teratozoospermia-associated module. This systematic and comprehensive investigation of the teratozoospermia-associated module genes may improve the understanding of the contribution of genetic factors and their interactions with the pathogenesis of teratozoospermia, and may aid in identification of potential biomarkers for further investigation.
